Both visnaginone and khellinone react with malononitrile, ethyl cyanoacetate or cyanoacetamide in presence of ammonium acetate to give substituted furobenzopyrans or furobenzopy ridones.
Benzofuran derivatives possess marked biological properties [1, 2] , On the other hand substituted pyridines show acaricidal, insecticidal and herbicidal activities [3] [4] [5] . A compound having both pyridine and benzofuran moieties can be expected to possess marked biological activities. We report in this paper the synthesis of some such type of compounds.
In this investigation both Visnaginone (4-methoxy-6-hydroxy-5-benzofuranyl methyl ketone) (la) and Khellinone (4,7-dimethoxy-6-hydroxy-5-benzofuranyl methyl ketone) (lb) were used as the starting material, they react with malononitrile in presence of ammonium acetate to form 6-cyano-7-imino-4-methoxy-5-methyl-7H-furo [3,2-g] [1]-benzopyran (2 a) and 6-cyano-7-imino-4,9-dimethoxy-5-methyl-7H-furo [3,2- Both 2 a and 2 b give no colour reaction with aqueous ferric chloride solution. The structure was confirmed by the infrared spectra which revealed the presence of a -C = N group at 2200 cm -1 and 2250 cm -1 , respectively. The NH absorption of the imino group appears at 3350 cm -1 and 3400 cm -1 . The C=N absorption occurs at 1620 cm -1 and 1650 cm -1 , respectively. When 2 b was refluxed with acetic acid, the imino group at position 7 was hydrolyzed to the corresponding coumarin derivative, namely 6-cyano-4,9-dimethoxy-5-methyl-7 H-furo[3,2-g] [1] benzopyran-7-one (2d). The infrared spectrum of 2d reveals the presence of a -C = N group at 2210 cm -1 and a 0=0 group at 1730 cm- 1 .
Compound 2d was also obtained by treating Khellinone (lb) with ethyl cyanoacetate in presence of ammonium acetate or piperidine. In a similar manner, visnaginone (la) forms 6-cyano-4-methoxy-5-methyl-7H-furo [3,2-g] [1] benzopyran-7-one (2 c) when treated with ethyl cyanoacetate.
The reaction of either Visnaginone (la) or Khellinone (lb) with cyano acetamide in presence of ammonium acetate leads to the formation of the corresponding pyridone derivatives (3a-b) or the possible isomers (4a-b). The infrared spectrum of 3 a taken as an example reveals the presence of the pyridone C = 0 at 1700 cm-1 . The CsN group appears at 2200 cm-1 and the NH at 3180 cm- 1 . Mixed melting point of 3 a with 2 c or with 2 a gave a depression. The reaction of Visnaginone (la) or Khellinone (lb) with aldehydes, i.e. acetaldehyde, benzaldehyde, p-nitrobenzaldehyde, or p-fluorobenzaldehyde and malononitrile in presence of ammonium acetate leads to the formation of the corresponding 2-amino -4,6 -disubstituted pyridine -3 -carbonitrile derivatives (5a-g or the possible isomer 6a-g). The infrared spectra of 5 b and 5 c taken as an example reveal the presence of C=N group at 2200 cm -1 .
The C=N absorption appears at 1615 cm -1 for 5 b and at 1630 cm" 1 for 5 c. Both the NH and OH groups appear as a very broad peak between 3000-3600 cm -1 in both compounds. The compounds give a positive ferric chloride reaction. at 3360 cm-1 for 6 b and at 3340 cm" 1 for 6 c, respectively.
Compounds 6 e, f and g were prepared by treating the chalcones (7a-c) with malononitrile in presence of ammonium acetate according to Sammour et al. [6] , and Sakurai and Midorikawa [7] in 15% yield together with unchanged chalcone (7). When however, the reaction was repeated using an excess of malononitrile and ammonium acetate, the yield was 55%. The reaction can proceed via the intermediate formation of the chalcones which react instantaneously with malononitrile through a Michael reaction, with elimination of one molecule of water and two hydrogens.
The infrared spectra of 6a, 6b, 6c reveal the presence of a C = N group at 2200 cm -1 for 6 a, 6 b and 6c. The C=N group appears at 1620 cm -1 for 6a, at 1615 cm-1 for 6b and at 1600 cm-1 for 6c. The amino group absorption appears at 3140 cm-1 for 6 a, at 3190 cm-1 for 6 b and at 3160 cm-1 for 6 c. While the OH group occurs at 3450 cm-1 for 6 a, The infrared spectra of 9 a and 9 b reveal the presence of C = N at 2200 and at 2205 cm" 1 , re- When 8 b is fused with cyano acetamide in the presence of ammonium acetate, it forms the respective disubstituted cyanopyridone derivative (11a) or the possible isomer (12a).
The infrared spectrum of 11a reveals a C = N group at 2200 cm" 1 ; an ester 0=0 at 1740 cm-1 and the pyridone 0=0 at 1690 cm -1 . Finally an NH group appears at 3250 cm -1 . In a similar manner, 3-[4,7-dimethoxy-6-hydroxy-5-benzofuranyl] 1,3-diketobutyrate (8 c) reacts with malononitrile or with cyano acetamide on fusion with ammonium acetate to give the corresponding 2-amino-4,6-disubstituted pyridine-3-carbonitrile derivative (9 c or 10 c) and the disubstituted pyridone derivative (lib or 12b), respectively.
The infrared spectrum of 9 c reveals the presence of an OH group at 3340 cm -1 and an NH group at 3200 cm -1 while the C=N group appears at 1640 cm -1 and the absorption at 2200 cm -1 indicates the C = N. Finally the ester 0=0 stretching occurs at 1735 cm -1 .
Experimental
Melting points are not corrected. The infrared spectra were carried out in potassium bromide on a Unicam SP 1000 infra-red spectrophotometer. The PMR spectra were run in DMSO on a 90 MHz Proton Spectrum.
6-Cyano-7-imino-4-methoxy-5-methyl-7 H-furo-[3,2-g] [1] benzopyran (2 a)
A mixture of 1 g of 1 a, 1 g of malononitrile and 0.8 g of ammonium acetate was fused on a sand-bath (at 160-170 °C) for 1 h to form a brown semi-solid.
It was crystallized from ethanol as yellow crystals, m.p. 230 °C, yield ca. 80%. It gave no colour reaction with aqueous ferric chloride solution and a brown colour with concentrated sulphuric acid.
The same product was obtained, by refluxing a mixture of 0.01 mole of 1 a in 20 ml of ethanol with 0.01 mole of malononitrile and ammonium acetate (0.013 mole) in 65% yield.
Analysis for C14H10N2O3 (254)

Calcd
C 66.13 H 3.93 N 11.02, Found C 65.90 H 3.81 N 11.11.
6-Cyano-7-imino-4,9-dimethoxy-5-methyl-7 H-furo-[3,2-g] [1] benzopyran (2 b)
In a similar manner, when 1 g of 1 b was treated with 1 g of malononitrile in presence of ammonium acetate (0.8 g) as in the case of 2 a, 82% of 2b was obtained. It was crystallized from ethanol as yellow crystals, m.p. 220 °C. It gave a brown colour with concentrated sulphuric acid.
Compound 2 b was also formed by refluxing 1 g of lb, 1 g of malononitrile and 0.8 g of ammonium acetate in ethanol, in 63% yield. 
6-Cyano-4-methoxy-5-methyl-7H-furo[3,2-g] [1J-benzopyran-7-one (2 c)
A mixture of la (4 g), ethyl cyanoacetate (4.5 g) and ammonium acetate (4 g) was heated at 160 to 170 °C for 1 h. The brown melt obtained solidified, it was crystallized from butanol to give yellowish crystals m.p. 290 °C; yield ca. 85%.
Compound 2 a was also obtained in 70% yield by refluxing a mixture of la (1 g), ethyl cyanoacetate (1.1 g) and few drops of piperidine in ethanol (20 ml) for 12 h.
Analysis for C14H9NO4
(255) Calcd C 65.88 H 3.53 N 5.49, Found C 66.10 H 3.91 N 5.82.
6-Cyano-4,9-dimethoxy-5-methyl-7 H-furo -[3,2-g] [1] benzopyran-7-one
Compound 2d was obtained in 83% yield as in the case of 2c by heating a mixture of lb (4.5 g), COOC2H5 CN ethyl cyanoacetate (4 g) and ammonium acetate (4 g) for 1 h at 160-170 °C. The brown solid formed was crystallized from butanol, m.p. 260 °C. The same product was synthesized by refluxing a mixture of lb (1.1 g), ethyl cyanoacetate (1.1 g) and few drops of piperidine in ethanol (20 ml) for 12 h (yield ca. 71%).
Also refluxing 2 b (1 g) with glacial acetic acid (10 ml) for 2 h gave 2d. derivatives (5a-g) and (9a-c)
General procedure
To la, lb or 8a-c (0.01 mole was added malononitrile (0.02 mole), the appropriate aldehyde (0.01 mole) and ammonium acetate (0.02 mole). The reaction mixture was heated at 160-170 °C for 1 h. The semi-solid so obtained was crystallized from a suitable solvent to give yellow crystals, 5 a-g give a pale green colour reaction with aqueous ferric chloride solution.
4,7-Dimethoxy-6-hydroxy-5-(p-nitroc innamoyl )-benzofuran (7 b)
To a mixture of lb (1 mole) and p-nitrobenzaldehyde (1 mole) dissolved in 40 ml ethanol was added 20 ml of sodium hydroxide solution (10%). The reaction mixture was shaked for 30 min at room temperature then left overnight. Acidify with dilute hydrochloric acid and filter the solid and crystallize from ethanol as red crystals, m.p. 170 °C, yield ca. 72%. It gave pale green colour with aqueous ferric chloride solution and red colour with concentrated sulphuric acid. The same procedure was applied, using cyano acetamide (1 g) instead of malononitrile with 8 b or 8c (1 g) in presence of ammonium acetate (0.8 g). 
Analysis for C^H^NO-,
